Abstract. Retinal vessel segmentation is important for better analysis and diagnosis of vascular disease. This paper proposed a novel automatic retinal segmentation approach based on Gabor wavelet. First, the green channel is extracted from a retinal fundus image, then, the method use Gabor wavelet transformation to enhance the contrast of the vessel, finally, a shelf adaptive threshold segmentation technology is used for vessel extraction. The performance of the approach is estimated by two publicly retinal fundus image databases DRIVE and STARE. The results show that the new approach obtains better segmentation effect.
Introduction
Some symptoms of diseases can be reflected in retinal fundus vessel images, for example, obesity [1] , hypertension [2] , glaucoma [3] , diabetes [4, 5] , retinal artery occlusion and arteriosclerosis, etc.. So, Segmenting blood vessel automatically from a retinal fundus image is very important, it is becoming of crucial interest for better analysis and diagnosis of ophthalmic and vascular diseases. However, manual segmentation time-expensive and depends on the doctors' experience, hence, the blood vessel automatic segmentation method is needed.
Many blood vessel segmentation method have been proposed for retinal fundus image in literatures. Dai et al. [6] proposed a gray-voting and Gaussian mixture model based blood vessel segmentation approach, though the method extract main and thin blood vessel effectively, it also extracted error the optical disk of retinal. Lau et al. [7] proposed an approach that using the global information to simultaneously extract all true vascular, this method has robust in noisy environments, while it segmentation accuracy depends on vascular morphology measurements. Cemal et al. [8] proposed a hybrid vascular segmentation method, and this method is a simplest and fastest method among the supervised and unsupervised segmentation approaches, while, the approach cannot extract fully the thin vessels.
Aim at the above problems, a new blood vessel segmentation method is proposed in this paper. The new method use Gaussian filter to remove noise, use Gabor wavelet to enhance blood vessel, and use double-threshold to segment blood vessel.
Proposed Method
Overview. The proposed algorithm includes the following three stages: First, preprocessing stage is used to extract the green channel and the region of interest (ROI). Second, the Gaussian function and Gabor transformation is used for denoise and enhancement. Finally, a threshold method is proposed to extract the final retinal blood vessel tree image. Fig.1 describes the detail of the proposed automatic vessel segmentation algorithm.
Preprocessing. The original retinal fundus image, which is collected in clinical practice of the ophthalmologic, is a RGB color image that is composed of red, green and blue channel. The contrast of the red channel is low, the blue channel is very noise, and the green channel has the highest signal noise ration and the best contrast [5] . In general, the strong contrast always around the field-of-view (FOV) in a retinal fundus image, and the pixels outside FOV may cause the extraction effect. Therefore, before the vessel enhancement, the region of interest (ROI) must be extracted. In this work, the ROI is collected by the following express 
where I green (x,y)is the green channel of the original retinal fundus image, '.' is the AND operation, I mask (x,y) is a pixel in the FOV-mask image that is a two value image and is provided by database, and
Gaussian Denoise. The Gaussian filter is a 2_D convolution operator, which is often used to remove noise and detail. The Gaussian filter uses a different kernel that describes the shape of the Gaussian hump. A 2-D Gaussian kernel has the form: 
where * is the convolution operator. Gabor Transformation. The Gabor wavelet, named after Dennis Gabor, is a linear filer [9] . It has been found to be very appropriate for texture feature expression and discrimination [10] . In this work, 
where x'=xcosθ+ysinθ, y'=-xsinθ+ycosθ, λ describes the wavelength of the sinusoidal factor, θ denotes the direction of the normal to the parallel stripes of a Gabor function, Ψ represents the phase offset, γ defines the spatial aspect ratio, and allocates the elliptic shape of the support of the Gabor function, and σ is the standard deviation of the Gaussian wrapper. θ rotational vary from angle 0 to 170 angle, calculation step is 10 degrees. For each pixel in an image, the response with maximum modulis over all possible orientation is selected, namely,
Blood Vessel Segmentation. After image haven been enhanced, the finally stage is to extract blood vessel. In general, this process is down by threshold method, while, the method often extract the main blood vessels in an image, and most of thin blood vessel cannot be extract, therefore, a double-threshold segmentation method is proposed to do this in this work, the threshold is calculated by the ratio of the vessel in ROI in an image. The principle of this method including three stage: First, use a low threshold to extract main blood vessel V 0 , here, the ratio of vessel in RIO is set to about 5%. Second, use a high threshold to extract new blood vessel V 1 , now, the ration of vessel in ROI is set to about 10%. Third, this is the key stage of vessel segmentation, in this stage, the new blood vessel V 1 and main vessel V 0 are fused together by the connectivity of blood vessel. As we know that the task of artery is to bring oxygen and nutrients to all parts of human body, and the task of the vein is to collect blood from all parts of human body, so the artery and vein must joint together respectively. Then, use this property of the artery and vein, the new vessel V 1 can be distinguished into vessel and non-vessel, in V 1 , the pixels connect to V 0 are divided into vessel and are fused into V 0 , on the contrary, the pixels disconnect to V 0 are divided into non-vessel and are given up.
Experiment
To verify the validity and the feasibility of the proposed algorithm, two publicly retinal fundus image databases, which are called DRIVE [11] and STARE [12] , are used. The two databases offer the corresponding standard blood vessel images that are manually segmented by observers. The FRIVE database comprise 40 retinal fundus images, and the STARE database comprise 20 retinal fundus images. Fig. 2 shows the result of vessel segmentation using different methods for a retinal fundus image in DRIVE database. Fig. 3 shows the result of vessel segmentation using different methods for a retinal fundus image in STARE database.
Conclusions
A new approach to segment retinal vessel tree based on Gabor wavelet was proposed in this work, the method Gaussian filter is used for smoothing retinal fundus image, the Gabor wavelet is used for vessel enhancement, and an double-threshold method is used for blood vessel segmentation. The main vessel need low threshold, and the thin vessel need high threshold. The results of the experiment show that the proposed method obtains better segmentation effect. 
